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(54) Catalyst for exhaust gas purification and system for exhaust gas purification 



(57) A catalyst for exhaust gas purification is capa- 
ble of purifying the hydrocarbons, nitrogen oxides and 
carbon monoxide present in the exhaust gas discharged 
from an internal combustion engine. The catalyst has a 
monolithic carrier and a catalyst layer containing Pd, Ba 
and a heat-resistant inorganic oxide, formed on the car- 
rier. The amount of Pd supported on monolithic carrier 
is 100-300 g per ft 3 of monolithic carrier (3. 53x1 0* 3 to 



1 .06x1 Or 2 g per cc of monolithic carrier), the amount of 
Ba supported on monolithic carrier is 0.010-0.060 g per 
cc of monolithic carrier in terms of BaO, and the weight 
ratio of Pd and Ba as expressed as BaO is 1 :2 to 1 :1 0. 
This catalyst for exhaust gas purification is superior par- 
ticularly in hydrocarbon purification for a low-tempera- 
ture fuel-rich exhaust gas (such as exhaust gas emitted 
during cold start) of automobile. 
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Description 

Background of th Inv ntion 

5 (1 ) Ft Id of the Invention 

The present invention relates to a catalyst used for purifying the harmful substances such as hydrocarbons (HC), 
nitrogen oxides (NOx), carbon monoxide (CO), etc. present in the exhaust gas discharged from an internal combustion 
engine of automobile or the like. 

10 

(2) Description of Related Art 

Various catalyst techniques have heretofore been proposed for purification of the exhaust gas discharged from an 
internal combustion engine of automobile or the like. Recently there have been proposed a number of catalysts com- 

is prising not only a nobel metal (e.g. Pd) (which is an ordinary catalyst active component) but also an alkaline earth 
metal or an oxide thereof. For example, in Japanese Patent Application Laid-Open No. 23738/1993 is disclosed a 
catalyst for exhaust gas purification obtained by supporting, on a monolithic structure, a catalyst active component 
containing a noble metal (e.g. Pd or Rh), an alkaline earth metal oxide, a lanthanum oxide, a cerium oxide, a zirconium 
oxide and a heat-resistant inorganic oxide. 

20 in recent years, it has been one of the most important technical tasks to effectively purify the un burnt combustible 

components (e.g. HC, CO and H 2 ), in particular, HC discharged during the cold start of automobile engine. During the 
cold start, the engine is usually operated in a rich fuei-to-air ratio and HC is contained in the exhaust gas in a large 
amount; meanwhile, the catalyst used is still below the operating temperature and its purification ability is low; as a 
result, a large portion of HC tends to be discharged into the atmosphere without being purified, that is, in an unburnt 

25 state. Hence, a technique is desired which can effectively purify the HC present in the exhaust gas discharged during 
the cold start of engine. 

When the above-mentioned prior art is investigated from such a standpoint, the catalyst disclosed in Japanese 
Patent Application Laid-Open No. 237384/1993 uses an alkaline earth metal oxide in order to increase the Pd purifi- 
ability for NOx in a fuel-rich atmosphere; however, the literature pays little attention to the purification of HC and CO 
30 in a fuel-rich atmosphere. 

Object and Summary of the Invention 

The object of the present invention is to provide a catalyst for exhaust gas purification having improved low tem- 
35 perature performance. In the invention a particular alkaline earth metal and a noble metal are used as catalyst com- 
ponents, the amounts of these components supported on a carrier are optimized for allowing the catalyst to have 
improved low-temperature light-off performance and, thereby, the catalyst's purification ability for, in particular, HC is 
increased in a low-temperature and fuel-rich atmosphere such as experienced during the cold start of automobile 
engine. 

40 According to the present invention, there is provided a catalyst for exhaust gas purification capable of purifying 

the hydrocarbons, nitrogen oxides and carbon monoxide present in the exhaust gas discharged from an internal com- 
bustion engine, which catalyst comprises a monolithic carrier and a catalyst layer containing Pd, Ba and a heat-resistant 
inorganic oxide, formed on the carrier, wherein the amount of Pd supported on monolithic carrier is 100-300 g per ft 3 
of monolithic carrier (3.53x1 0~ 3 to 1 .06x1 Or 2 g per cc of monolithic carrier), the amount of Ba supported on monolithic 

45 carrier is 0.010-0.060 g per cc of monolithic carrier in terms of BaO, and the weight ratio of Pd and Ba as expressed 
as BaO is 1:2 to 1:10. 

According to the present invention, there is also provided a system for exhaust gas purification comprising: 

the above-mentioned catalyst for exhaust gas purification, provided in the exhaust pipe of internal combustion 
50 engine, and 

an adsorbent having hydrocarbon adsorbability, also provided in the exhaust pipe. 

Brief Description of the Drawings 

55 Fig. 1 is a schematic drawing showing a system for xhaust gas purification used in Example. 

Fig. 2 is a schematic drawing showing a syst m for xhaust gas purification us d in Exampl . 
Fig. 3 is a schematic drawing showing a system for exhaust gas purification used in Example. 
Fig. 4 is a sch matic drawing showing a system for exhaust gas purification used in Example. 
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D tailed Description of the Pr f rred Embodiment 
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purification ability. US,ng 3 S,urry nav,n 9 a P H of less than 1 0. giv s a catalyst of high 
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ft 3 (4.94X10- 3 to 8.47x10-3 g per cc), more pr f rabty 16-220 g per ft 3 (5.65x1 0" 3 to 7.77x10" 3 g p r cc). When the 
amount of Pd supported is less than 100 g per ft 3 (3.53x10-3 g per cc), the absolute amount of Pd is insufficient for the 
HC discharged during the cold start of engine, resulting in insufficient HC purification. Meanwhile, when the amount 
of Pd supported is more than 300 g per ft 3 (1 .06x1 0' 2 g per cc), the distance between Pd molecules is near and Pd 

s tends to cause cohesion, resulting in lower purification by Pd. 

The amount of Ba supported is 0.01 0-0.060 g per cc of monolithic carrier, preferably 0.01 5-0.045 g per cc, in terms 
of BaO. When the amount of Ba supported is less than 0.010 g per cc in terms of BaO, the electron-donating effect of 
Ba is insufficient. When the amount is more than 0.060 g per cc, the catalyst easily undergoes thermal deterioration 
owing to the sintering, resulting in inferior durability of the catalyst. 

10 Further in the present invention, the weight ratio of Pd and Ba (as expressed as BaO) contained in the catalyst, i. 

e. the weight ratio of Pd and BaO is specified to be 1 :2 to 1 :1 0, preferably 1 :2.5 to 1 :5. When the weight of BaO is less 
than 2 times the weight of Pd, the amount of electrons donated to Pd is insufficient and the covering of Pd surface with 
HC and CO in a low-temperature fuel-rich atmosphere such as experienced during the cold start of engine (in this 
state, 0 2 is unable to contact with Pd) is not sufficiently eliminated; as a result, improvement in purification ability is small. 

is Meanwhile, when the weight of BaO is more than 10 times the weight of Pd, the amount of electrons donated to 

Pd is excessive and HC and CO are unable to contact with Pd. As a result, is present on Pd but there is no HC or 
the like (to be purified) on Pd, resulting in no purification of HC or the like. Further when, as mentioned later, in the 
production of a catalyst layer, Pd is first dispersed in and supported on a heat-resistant inorganic oxide (e.g. active 
alumina) and then Ba is supported, part of Pd is covered by BaO and the amount of Pd necessary for purification is 

20 insufficient. 

The thickness of the catalyst layer formed on the monolithic carrier is preferably 10-150 urn. When the thickness 
is smaller than 10 urn, the resulting catalyst has a problem in durability. When the thickness is larger than 1 50 urn, the 
diffusion of exhaust gas deep into the inner part of the catalyst layer is difficult and the inner part of the catalyst layer 
is not effectively utilized. 

2S in the present invention, it is preferable that Pd and Ba contained in the catalyst layer are supported on a heat- 

r sistant inorganic oxide (e.g. active alumina) also contained in the catalyst layer. In that case, when Pd has no direct 
contact with the heat-resistant inorganic oxide and is supported on Ba (actually, Ba is present in the form of BaO) 
supported on the heat-resistant inorganic oxide, Pd tends to cause sintering and cohesion; as a result, the surface 
area of Pd effective for purification decreases; and the deterioration of catalyst performance is invited at a relatively 

30 early timing. 

In order to prevent such deterioration of catalyst performance, it is preferable that Pd is supported on the heat- 
resistant inorganic oxide in such a manner that at least part of Pd is in direct contact with the inorganic oxide. The Pd 
supported on the heat-resistant inorganic oxide in direct contact therewith, as compared with the Pd supported on Ba 
supported on the inorganic oxide, is unliable to cause cohesion, can maintain its highly dispersed state over a long 

35 period of time, and promises excellent durability. This is presumed to be because the bonding between Pd and the 
heat-resistant inorganic oxide is stronger than that between Pd and Ba. 

Direct contact of Pd with the heat-resistant inorganic oxide can be attained by, in the production process of the 
catalyst layer, supporting Pd on the heat-resistant inorganic oxide prior to the supporting of Ba, and then supporting 
Ba on the Pd-supported heat-resistant inorganic oxide. For the reason mentioned above, it is most preferable that the 

40 total amount of Pd is supported on the heat-resistant inorganic oxide in direct contact therewith. However, almost 
satisfactory durability is obtained if, in the catalyst layer of final catalyst, the amount of Pd supported on the heat- 
resistant inorganic oxide in direct contact therewith is larger than the amount of Pd supported on Ba supported on the 
heat-resistant inorganic oxide. 

In the present catalyst, the catalyst layer may contain, in addition to Pd, other noble metal such as Rh, Pt or the 

45 like. Rh, in particular, is effective for improvement in NOx purrfiability. When, in addition to Pd : other noble metal is 
contained in the catalyst layer, the other noble metal may be mixed with Pd and Ba in the catalyst layer; or, a catalyst 
layer containing Pd and Ba and a catalyst layer containing other noble metal (and containing no Ba) may be formed, 
by coating, on two respective monolithic carriers, or on one same monolithic carrier apart in the flow direction of exhaust 
gas. 

so Or, the above two catalyst layers may be formed, by coating, on one same monolithic carrier in two laminated 

layers. In that case, the lamination order of the two catalyst layers is not restricted; that is, any of the layer containing 
Pd and Ba and the layer containing a noble metal other than Pd (and containing no Ba) may be at the upper (surface) 
side. However, when Rh is used as a noble metal other than Pd, it is preferable for effective utilization of expensive 
Rh that a catalyst layer containing Pd and Ba is first formed and then a catalyst layer containing Rh is formed thereon, 

55 b cause this allows asy contact of Rh with exhaust gas. 

Inth pres nt invention, it is also possible that a plurality of catalyst lay rs each containing Pd and Ba ar form d 
on respective monolithic carriers, or on one same monolithic carrier apart in th flow direction of exhaust gas, or on 
one same monolithic carrier in a plurality of laminated layers. 
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In the pr sent invention, it is also possibl that the catalyst layer contains a rar earth element oxide (e.g. CeO, 
or LaaOa) having oxygen storability and reusability. By adding a rare earth element oxide, the resulting catalyst can 
have a wider operational range of three-way catalyst and the three-way purifiability during the steady-state operation 
of engine is enhanced. Further, the catalyst layer may contain Zr from the standpoints of improvement in heat resistance 
of heat-resistant inorganic oxide (e.g. active alumina) or in improvement of oxygen storability and releasability of CeO, 
or the like, although Zr makes no particular contribution to the improvement in low-temperature light-off performance 
as intended by the present invention. 

The catalyst for exhaust gas purification according tothe present invention is effective particularly for the purification 
of low-temperature exhaust gas of fuel-rich composition and is suitable tor the purification of the harmful substances 
present in the exhaust gas discharged from an internal combustion engine during the cold start 

Nextdescription is made on examples of the method for production of the present catalyst for exhaust gas puri- 
fication. The production method is divided mainly into the following two methods, i.e. impregnation method and pre- 
doping method, depending upon the mode of supporting Pd and/or Ba. In supporting Pd. the predoping method is 
« method because ,n s "PPOrting a noble metal, the predoping method gives superior durability than the impregnation 

Impregnation method 

On a carrier is supported active alumina which is a substrate tor supporting Pd and/or Ba thereon in a highly 
dispersed state. The resulting material is fired to produce an alumina-supported carrier. The alumina-supported carrier 
is dipped m asolution in which Pd and/or Ba is dissolved, to support Pd and/or Ba on thealumina. The resulting material 
is dried and fired. To achieve the above-mentioned direct contact of Pd with alumina, it is preferable that (1 ) the alumina- 
supported earner is dipped first in a solution in which Pd is dissolved, then (2) the resulting Pd^upported alumina- 
supported carrier is dipped in a solution in which Ba id dissolved, and (3) the resulting material is dried and fired. 

Predoping method 

On an active alumina powder as substrate is supported Pd and/or Ba. The resufting Pd- and/or Ba-supported 
alumina powder .s supported on a carrier. The resulting material is fired. When Pd and Ba are supported on the same 
active alumina powder, in order to achieve the above-mentioned direct contact of Pd with the active alumina powder; 
it is preferable that Pd is first supported on the active alumina powder and then Ba is supported on the resufting Pd- 
supported active alumina powder. . 

Then, description is made on the system for exhaust gas purification according to the present invention As men- 
tioned previously, the present catalyst for exhaust gas purification is superior in low-temperature light-off performance 
and therefore exhibits early activation and high purification ability during the cold start of engine. When this catalyst is 
combined with an adsorbent having HC adsorbability and the combination is provided in the exhaust pipe of internal 
combustion engine as a system for exhaust gas purification, the HC discharged from the engine is adsorbed on the 
adsorbent during the period from the cold start of engine to the activation of catalyst, whereby a higher purification 
effect is obtained. 

In this system for exhaust gas purification, the adsorbent used in combination with the catalyst is preferably one 
obtained by forming an adsorbent layer made of a HC-adsorbable substance, on a carrier such as monolithic carrier 
or the like. The HC-adsorbable substance includes zeolite, active carbon, etc. Since the HC-adsorbable substance 
must be heat-resistant at temperatures of at least 500'C for use in the exhaust pipe of internal combustion engine, the 
HC-adsorbable substance is preferably composed mainly of zeolite, SAPO (silicoaluminophosphate). AIPO (alumino- 
phosphate) or the like. A HC-adsorbable substance mainly composed of zeolite is particularly preferred 

Zeolite may be any of a natural product and a synthetic product and has no particular restriction as to the kind 
However, zeolite is preferably one having a SiOg/AI^ molar ratio of 40 or more, more preferably one having a Sicy- 
AfeOa molar ratio of 80 or more, in view of the heat resistance, durability and hydrophobicity. Preferable specific ex- 
amples of zeolite are ZSM-5. USY, p-zeolite. silicalite and metallosilicate. 

Zeolite can be used in one kind or in combination of two or more kinds. Combined use of a plurality of zeolites 
drff rent in pore diameters is preferable because it allows adsorption of various hydrocarbons of different molecular 
sizes ranging from ethylene, propene, etc. (small molecules) to toluene, xylene, etc. (large molecules) The plurality 
o zeolites may be present in the adsorbent layer in a mixed state, or may be provided in laminated layers Or the 
plurality of zeolites may be supported on one same carrier apart in the flow direction of exhaust gas. For exampl two 
zeolites, may be supported on one same monolithic earner apart at two sites (upstr am and downstream sites) of th 
carrier, or on respective carri rs. 

Zeolite may be used as it is. However, in order to suppress coking appearing during the adsorption of HC etc it 
is preferred that at least one noble metal selected from Pt, Pd. Rh. etc. is supported on zeolite. Thereby, zeolite can 
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be regenerated without reducing its adsorbability. As th noble m tal supported on zeolite, Pd is preferred because it 
is most inexpensive and allows efficient regeneration of zeolite. The supporting of noble metal on zeolite, when sup- 
porting is made directly on zeolite, is preferably conducted by ion exchange method, in view of the thermal stability. 
Even when a noble metal is supported on an inorganic oxide such as active alumina or the like and the noble metal- 
5 supported inorganic oxide is mixed with zeolite, the regeneratability of zeolite is sufficient. This latter approach is pre- 
ferred because the resulting adsorbent layer has even a catalytic activity. It is also possible that an adsorbent layer 
made of zeolite is coated with the above-mentioned noble metal-supported inorganic oxide so that the resulting ad- 
sorbent has even a catalytic activity. 

io (Hereinafter, such an adsorbent having even a catalytic activity is called "adsorbent-catalyst 1 .) 

It is also preferred to allow zeolite to contain at least one of the ions of Cu, Ag and Au (the group IB elements) 
because zeolite can have improved HC adsorbability thereby. In that case, since a lower content of the ion results in 
lower improvement in HC adsorbability, the content of the ion is preferably 20% or more based on the Al atoms of 

is zeolite, more preferably 40% or more. 

The carrier for supporting the adsorbent layer composed mainly of zeolite or the like has no particular restriction 
as to the form, and there can be used carriers of various forms such as monolithic carrier, pellets, beads, rings and 
the like. Of these, a monolithic carrier is most preferred. 

In the system for exhaust gas purification according to the present invention, it is preferred that the adsorbent is ^ 

20 provided upstream of the catalyst in the flow direction of exhaust gas. In the present system, the adsorbent adsorbs 
HC, etc. present in the exhaust gas discharged during the cold start of internal combustion engine and the adsorbate 
is desorbed from the adsorbent with the temperature increase of the adsorbent caused by the heat of exhaust gas. 
Therefore, by providing the catalyst downstream of the adsorbent in the flow direction of exhaust gas, the purification 
efficiency for the HC, etc. discharged during the cold start can be increased remarkably. 

25 in the present purification system, the HC, etc. adsorbed on the adsorbent is desorbed therefrom with the temper- 

ature increase of the adsorbent and purified by the catalyst. As mentioned previously, the catalyst of the present in- 
vention, as compared with conventional catalysts, is activated at low temperatures owing to the reaction mechanism 
involving electron donation; therefore, between the temperature at which HC desorption from the adsorbent starts and 
the temperature at which the catalyst is activated, the difference is small and, as a result, the HC discharged in a large 

30 amount during the cold start can be purified effectively. 

In the present exhaust gas purification system, a plurality of the catalysts of the present invention each having 
excellent low-temperature activation may be used. For example, when each one catalyst of the present invention is 
provided upstream and downstream of the adsorbent, the HC discharged prior to the activation of the upstream catalyst 
is adsorbed by the adsorbent, then desorbed, and purified by the downstream catalyst; after the upstream catalyst has 

35 been activated, purification is conducted also by the upstream catalyst. 

As mentioned previously, the exhaust gas purification catalyst and the exhaust gas purification system both ac- 
cording to the present invention exhibit high purification abilities during the cold start of internal combustion engine. In 
order to further increase the purification abilities during the cold start or to increase the purification abilities during the 
steady-state operation of engine, it is possible to additionally provide a different catalyst in the exhaust pipe of engine. 

40 When a different catalyst is provided, for example, downstream of the exhaust gas purification catalyst of the present 
invention, the different catalyst is heated by the reaction heat generated in the present exhaust gas purification catalyst 
which is activated at an early timing of cold start and, as a result, can reach its operating temperature earlier than 
usual. The different catalyst preferably contains Pd as a catalyst active component. 

In conducting exhaust gas purification during the cold start of engine by using the exhaust gas purification catalyst 

45 or the exhaust gas purification system both according to the present invention, when, for a certain period of cold start, 
an oxidizing gas (e.g. secondary air) is introduced into the exhaust gas at a site of the exhaust pipe upstream of the 
catalyst in the flow direction of exhaust gas, or the ratio of air (for combustion) amount and fuel amount is controlled 
so that the oxygen amount in exhaust gas is increased, the combustion reaction of catalyst is promoted and the early 
activation of catalyst is achieved. In the present exhaust gas purification system using an adsorbent, as the HC ad- 

50 sorbed on the adsorbent begins to be desorbed with the temperature increase of the adsorbent caused by the heat of 
xhaust gas, the HC concentration in exhaust gas increases and the oxygen required for purification (combustion) of 
HC becomes insufficient; hence, the above-mentioned introduction of oxidizing gas or control of the ratio of air amount 
and fuel amount is preferred for making-up of oxygen. 

55 Exampl 

The present invention is hereinaft r d scribed in more detail by way of Examples. Howev r, the present invention 
is not restricted to these Examples. 
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[Production of catalysts] 
(Catalyst 1) 

* An aqueous palladium nitrate solution and an appropriate amount of acetic acid were added to commercial v-ALO, 

and ttiey were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100-C for 15 hours, pulverized 

^ a nnl a L?°° C ** ? l ° 3 PcH5redoped A, 2°3 P°^ er ™* Pd-predoped AU0 3 powder was mixed with' 
an appropnate amount of water. Thereto were added an appropriate amount of acetic acid and an alumina sol having 

i 0 nflT, 1 ^ 50 1 COnt6nt ° f 2 5% - 17,6 reSUtting mixture was P ulve rized in a ball mill for 15 hours to produce a slurry 
(pH 4). In the slurry was dipped a monolithic carrier (a cordierite honeycomb manufactured by NGK Insulators Ltd 
S ?J ?'^"! ,e ; r * 93 mm a len 9th ° f 1 °0 ™>) to support, on the carrier. Pd and Al 2 0 3 in amounts of Pd = 200 
gm3 (7.06x10-3 g/cc) and AU0 3 = 0.065 g/cc. The resulting material was subjected to a dryhg step and a firing step 
to produce catalyst 1 . 

« (Catalyst 2) 

An aqueous platinum chloride solution and an appropriate amount of acetic acid were added to commercial v- 
AfeOa. and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100°C for 15 hours 
Parsed and fired at 550'C for 3 hours to obtain a Pt-predoped AUC- 3 powder. To the Pt-pr,edoped AUD 3 powder 
was added an appropriate amount of water. Thereto were added an appropriate amount of acetic acid and an alumina 
sol having an alumina solid content of 2.5%. The resulting mixture was pulverized in a ball mill for 1 5 hours to produce 
a slurry (pH 4). In the slurry was dipped a monolithic carrier (a cordierite honeycomb manufactured by NGK Insulators 

«T * 3 V ,'?^ d '^ metef ° f 93 mm and 3 len9th ° f 100 mm) to su PP° rt - on « and AUO, in amounts of Pt =' 

50 gm3 (1.77x10-3 g/cc) and A ^Q 3 = 0.065 g/cc. The resulting material was subjected to a drying step and a firing step 
25 to produce catalyst 2. F 

(Catalyst 3) 

^ aqueous rhodium nitrate solution and an appropriate amount of acetic acid were added to commercial v-ALO, 
and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100*C for 15 hours pulverize* 
and fired at 550»C for 3 hours to obtain a Rh-predoped Al 2 0 3 powder. To the Rh-predoped Al 2 0 3 powder was added 
an appropnate amount of water. Thereto were added an appropriate amount of acetic acid and an alumina sol having 
an alumina solid content of 2.5%. The resulting mixture was pulverized in a ball mill for 15 hours to produce a slurry 
(PH 4). In the slurry was dipped a monolithic carrier (a cordierite honeycomb manufactured by NGK Insulators Ltd 

VOST*, °\ 93 wT ^ 3 len9th ° f 100 mm) t0 SUpport ' on the carrier - Rn and A, 2°3 amounts of Rh'= 10 
g/ft3^3.53xl(H g/cc) and AL0 3 = 0.065 g/cc. The resulting material was subjected to a drying step and a firing step 
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(Catalyst 4) 



An aqueous palladium nitrate solution and an appropriate amount of acetic acid were added to commercial v-AUO, 
and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100»C for 15 hours pulverized 
andfired at 550'C for 3 hours toobtain a Pd-predoped ALO, powder. The Pd-predoped Al 2 0 3 powder was impregnated 
wrth an aqueous barium nitrate solution and an appropriate amount of acetic acid, followed by pulverization in a ball 
m, I for 15 hours. The resulting slurry was dried at 100"C tor 15 hours, pulverized, and fired at 700'C for 3 hours to 
obtain a Pd/Ba-predoped Al 2 0 3 powder. 

The Pd/Ba-predoped Al 2 0 3 powder was mixed with an appropriate amount of water. Thereto were added an ap- 
propriate amount of acetic acid and an alumina sol having an alumina solid content of 2.5%. The resulting mixture was 
pulverized in a ball mill for 1 5 hours to produce a slurry ( P H 1 0). In the slurry was dipped a monolithic carrier (a cordierite 
honeycomb rnanufactured by NGK Insulators. Ltd. having a diameter of 93 mm and a length of 100 mm) to support 
on the earner. Pd. Ba and AUOg in amounts of Pd = 200 g/ft3 (7.06x10-3 g/cc). BaO = 0.04 g/cc and Al,0 3 = 0 065 J 
cc. The resulting material was subjected to a drying step and a firing step to produce catalyst 4. 

(Catalyst 5) 

Catalyst 5 was produced in the same manner as in the case of th catalyst4exc ptthatth amount of Pd supported 
on monolithic cam r was changed to Pd = 50 g/ft 3 (1 .77x10-3 g/cc). 
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(Catalyst 6) 



Catalyst 6 was produced in the same manner as in the case ot the catalyst 4 except that the amount of Pd supported 
on monolithic carrier was changed to Pd = 500 g/ft 3 (1 .77x1 0* 2 g/cc). 



10 



15 



(Catalyst 7) 



Catalyst 7 was produced in the same manner as in the case of the catalyst 4 except that the amount of Ba supported 
on monolithic carrier was changed to BaO = 0.005 g/cc. 



(Catalyst 8) 



Catalyst 8 was produced in the same manner as in the case of the catalyst 4 except that the amount of Ba supported 
on monolithic carrier was changed to BaO = 0.20 g/cc. 



(Catalyst 9) 



Catalyst 9 was produced in the same manner as in the case of the catalyst 4 except that the amount of Pd supported 
on monolithic carrier was changed to Pd = 300 g/ft 3 (1 .06x1 0" 2 g/cc) and the amount of Ba supported on monolithic 
20 carrier was changed to BaO = 0.01 g/cc. 



(Catalyst 10) 



Catalyst 10 was produced in the same manner as in the case of the catalyst 4 except that the amount of Pd 
25 supported on monolithic carrier was changed to Pd = 120 g/ft 3 (4.24x10-3 g/cc) and the amount of Ba supported on 
monolithic carrier was changed to BaO = 0.06 g/cc. 



(Catalyst 11) 

30 An aqueous palladium nitrate solution and an appropriate amount of acetic acid were added to commercial y-AI 2 0 3 , 

and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100°C for 15 hours, pulverized, 
and fired at 550°C for 3 hours toobtain a Pd-predoped Al 2 0 3 powder. The Pd-predoped Al 2 0 3 powder was impregnated 
with an aqueous barium nitrate solution and an appropriate amount of acetic acid, followed by pulverization i in a ball 
mill for 15 hours. The resulting slurry was dried at 100°C for 15 hours, pulverized, and fired at 700°C for 3 hours to 

35 obtain a Pd/Ba-predoped Al 2 0 3 powder. 

The Pd/Ba-predoped Al 2 0 3 powder was mixed with an appropriate amount of water. Thereto were added an ap- 
propriate amount of acetic acid and an alumina sol having an alumina solid content of 2.5%. The resulting mixture was 
pulverized in a ball mill for 1 5 hours to produce a slurry (pH 4). In the slurry was dipped a monolithic carrier (a cordiente 
honeycomb manufactured by NGK Insulators, Ltd. having a diameter of 93 mm and a length of 100 mm) to support, 

40 on the carrier, Pd, Ba and Al 2 0 3 in amounts of Pd = 200 g/Tt 3 (7.06x10^ g/cc), BaO = 0.04 g/cc and AI 2 O a = 0.065 gf 
cc. The resulting material was subjected to a drying step and a firing step to produce catalyst 11 . 

(Catalyst 12) 

45 An aqueous palladium nitrate solution and an appropriate amount of acetic acid were added to commercial y-AI 2 0 3 , 

and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 10CTC for 15 hours, pulverized, 
and fired at 550°C tor 3 hours to obtain a Pd-predoped AI 2 O a powder. The Pd-predoped AfeOg powder was mixed with 
BaO particles and an appropriate amount of water. Thereto was added an alumina so! having an alumina solid content 
of 2.5%. The resulting mixture was pulverized in a ball mill for 15 hours to produce a slurry (pH 10). In the slurry was 

so dipped a monolithic carrier (a cordierite honeycomb manufactured by NGK Insulators, Ltd. having a diameter of 93 
mm and a length of 100 mm) to support, on the carrier, Pd, Ba and Al 2 0 3 in amounts of Pd = 200 g/ft 3 (7.06x10* gf 
cc), BaO = 0.04 g/cc and Al 2 0 3 = 0.065 g/cc. The resulting material was subjected to a drying step and a firing step 
to produce catalyst 1 2. 

55 (Catalyst 13) 

An aqueous palladium nitrate solution and an appropriate amount of acetic acid were added to commercial y-AI 2 0 3 , 
and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100°C for 15 hours, pulverized, 
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25 



30 



35 



40 
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and fired at 550»C for 3 hours to obtain a Pd-predoped Alj0 3 powder. The Pd-predoped Al^ powd r was impregnated 
with an aqueous barium nitrate solution and an appropriate amount of acetic acid, followed by pulverization in a ball 
mill for 15 hours. The resulting slurry was dried at 100°C for 15 hours, pulverized, and fired at 70CTC for 3 hours to 
obtain a Pd/Ba-predoped Al^ powder. 

5 The Pd/Ba-predoped A^ powder was mixed with CeQ 2 particles and an appropriate amount of water. Thereto 

was added an alumina sol having an alumina solid content of 2.5%. The resulting mixture was pulverized in a ball mill 
for 15 hours to produce a slurry (pH 10). In the slurry was dipped a monolithic carrier (a cordierite honeycomb manu- 
factured by NGK Insulators, Ltd. having a diameter of 93 mm and a length of 100 mm) to support, on the carrier Pd 
Ba. Al 2 0 3 and Ce0 2 in amounts of Pd = 200 gffi3 (7.06x10-3 g/cc). BaO = 0.04 g/cc. Al 2 0 3 = 0.065 g/cc and CeQ> = 

w 0.03 g/cc. The coated carrier was subjected to a drying step and a firing step to produce catalyst 1 3. 

(Catalyst 14) 

An aqueous palladium nitrate solution and an appropriate amount of acetic acid were added to commercial v-AUO, 
is and they were pulverized in a ball mill for 1 5 hours. The resulting slurry was dried at 100"C for 1 5 hours pulverized' 
and fired at 550»C for 3 hours to obtain a Pd-predoped Al-Pa powder. The Pd-predoped Al 2 0 3 powder was impregnated 
with an aqueous barium nitrate solution and an appropriate amount of acetic acid, followed by pulverization in a ball 
mill for 15 hours. The resulting slurry was dried at 100«C tor 15 hours, pulverized, and fired at 700°C for 3 hours to 
obtain a Pd/Ba-predoped Al20 3 powder. 



£5 



To the Pd/Ba-predoped Al 2 0 3 powder were added an appropriate amount of water and a powder obtained by 
mixing Ce0 2 with an aqueous zirconium oxynitrate solution in a ratio of CeCVZr0 2 = 100/10, drying the mixture at 
500°C for 1 hour and firing. To the resulting mixture was added an alumina sol having an alumina solid content of 2 5% 
The resulting mixture was pulverized in a ball mill for 1 5 hours to produce a slurry (pH 1 0). In the slurry was dipped a 
monolith.c earner (a cordierite honeycomb manufactured by NGK Insulators, Ltd. having a diameter of 93 mm and a 
length of 100 mm) to support, on the carrier Pd, Ba, Al^, Ce0 2 and ZrOa in amounts of Pd = 200 g/ft3 (7 06x10-3 g/ 
cc). BaO = 0.04 g/cc. AfeOg = 0.065 g/cc, Ce0 2 = 0.03 g/cc and ZrO;, = 0.003 g/cc. The resulting material was subjected 
to a drying step and a firing step to produce catalyst 14, 



(Catalyst 15) 

An aqueous palladium nitrate solution, an aqueous barium nitrate solution and an appropriate amount of acetic 
acid were added to commercial v-A^Og, and they were pulverized in a ball mill for 15 hours. The resulting slurry was 

n 1 1 fcr 15 h ° UrS ' pulverized ' fired at 7 00°C for 3 hours to obtain a Pd/Ba-predoped AfeOa powder To 
trie Pd/Ba-predoped AI 2 O a powder was added an appropriate amount of water. Thereto were added an appropriate 
l*™""? 0, .ff 8tlc ac,d ^ an al "mina sol having an alumina solid content of 2.5%. The resulting mixture was pulverized 
in a ball mill for 1 5 hours to produce a slurry (pH 1 0). In the slurry was dipped a monolithic carrier (a cordierite honeycomb 
manufactured by NGK Insulators, Ltd. having a diameter of 93 mm and a length of 100 mm) to support, on the carrier 
Pd Ba and AfeQa in amounts of Pd = 200 g/ft3 (7.06x10-3 g/cc), BaO = 0.04 g/cc and AfeOa = 0.065 g/cc. The resulting 
matenal was subjected to a drying step and a firing step to produce catalyst 1 5. 

(Catalyst 16) 

An aqueous barium nitrate solution and an appropriate amount of acetic acid were added to commercial y-AUO, 
and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100»C for 15 hours pulverized 
and fired at 700»C for 3 hours toobtain a Ba-predoped Al 2 0 3 powder. The Ba-predoped Al 2 0 3 powder was impregnated 
wrth an aqueous palladium nitrate solution and an appropriate amount of acetic acid, followed by pulverization in a ball 
mill for 15 hours. The resulting slurry was dried at 100°C lor 15 hours, pulverized, and fired at 550*0 for 3 hours to 
obtain a Pd/Ba-predoped AljOa powder. 

The Pd/Ba-predoped Al^ powder was mixed with an appropriate amount of water. Thereto were added an ap- 
propriate amount of acetic acid and an alumina sol having an alumina solid content of 2.5%. The resulting mixture was 
purverized in a ball mill for 1 5 hours to produce a slurry (pH 10). In the slurry was dipped a monolithic carrier (a cordierite 
honeycomb manufactured by NGK Insulators, Ltd. having a diameter of 93 mm and a length of 100 mm) to support 
on the carrier. Pd, Ba and AfeO-, in amounts of Pd = 200 g/ft3 (7.06x1 g/cc). BaO = 0.04 g/cc and AUO, = 0 065 g/ 
cc. The resulting material was subjected to a drying step and a firing step to produce catalyst 16. 

(Catalyst 17) 

The catalyst 1 was dipped in an aqueous barium nitrate solution to support, on the carrier of the catalyst 1 . Pd, Ba 
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and Al 2 0 3 in amounts of Pd = 200 g/ft 3 (7.06x1 0" 3 g/cc), BaO = 0.04 g/cc and Al 2 0 3 = 0.065 g/cc. The resulting mat rial 
was subjected to a drying step and a firing step to produce catalyst 17. 

(Catalyst 18) 

5 

Catalyst 18 was produced in the same manner as in the case of the catalyst 4 except that the aqueous barium 
nitrate solution was changed to an aqueous barium hydroxide solution. 

(Catalyst 19) 

10 

An aqueous rhodium nitrate solution and an appropriate amount of acetic acid were added to commercial y-AI 2 0 3 , 
and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100°C for 15 hours, pulverized, 
and fired at 550°C lor 3 hours to obtain a Rh-predoped Al 2 0 3 powder. The Rh-predoped A^C^ powder was mixed with 
an appropriate amount of water. Thereto were added an appropriate amount of acetic acid and an alumina sol having 
is an alumina solid content of 2.5%. The resulting mixture was pulverized in a ball mill for 15 hours to produce a slurry 
(pH 4). In the slurry was dipped the catalyst 4 to support, on the carrier of the catalyst 4, Rh, Pd, Ba and Al^ in 
amounts of Rh = 1 0 g/ft 3 (3.53x1 0" 4 g/cc), Pd = 200 g/ft 3 (7.06x1 0' 3 g/cc), BaO = 0.04 g/cc and AI 2 O a = 0.08 g/cc. The 
resulting material was subjected to a drying step and a firing step to produce catalyst 19. 

20 (Catalyst 20) 

An aqueous palladium nitrate solution and an appropriate amount of acetic acid were added to commercial y-AI 2 0 3 , 
and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100°C for 15 hours, pulverized, 
and fired at 550°C for 3 hours to obtain a Pd-predoped Al 2 0 3 powder. The Pd-predoped Al 2 0 3 powder was irhpregnated 
25 with an aqueous barium nitrate solution and an appropriate amount of acetic acid, followed by pulverization in a ball t 
mill for 15 hours. The resulting slurry was dried at 100°C for 15 hours, pulverized, and fired at 700°C for 3 hours to 
obtain a Pd/Ba-predoped Al 2 0 3 powder. 

The Pd/Ba-predoped Al 2 0 3 powder was mixed with an appropriate amount of water. Thereto were added an ap- 
propriate amount of acetic acid and an alumina sol having an alumina solid content of 2.5%. The resulting mixture was 
30 pulverized in a ball mill for 15 hours to produce a slurry (pH 10). In the slurry was dipped a catalyst obtained in the 
same manner as in the catalyst 3 but having a different Al 2 0 3 content, to support, on the carrier of the catalyst, Rh, 
Pd, Ba and Al 2 0 3 in amounts of Rh = 10 g/ft 3 (3.53x1 g/cc), Pd = 200 g/ft 3 (7.06x1 0" 3 g/cc), BaO = 0.04 g/cc and 
Al 2 0 3 = 0.08 g/cc. The resulting material was subjected to a drying step and a firing step to produce catalyst 20. 

3S (Catalyst 21) 

An aqueous rhodium nitrate solution and an appropriate amount of acetic acid were added to commercial y-AI 2 0 3 , 
and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100°C for 15 hours, pulverized, 
and fired at 550°C for 3 hours to obtain a Rh-predoped Al 2 0 3 powder. Separately, an aqueous palladium nitrate solution 

40 and an appropriate amount of acetic acid were added to commercial y*AI 2 0 3 , and they were pulverized in a ball mill 
for 1 5 hours. The resulting slurry was dried at 1 00°C for 1 5 hours, pulverized, and fired at 550*C for 3 hours to obtain 
a Pd-predoped Al 2 0 3 powder. The Pd-predoped AI 2 O a powder was impregnated with an aqueous barium nitrate so- 
lution and an appropriate amount of acetic acid. The resulting material was pulverized in a ball mill for 15 hours. The 
resulting slurry was dried at 1 00°C for 1 5 hours, pulverized, and fired at 700*0 for 3 hours to obtain a Pd/Ba-predoped 

45 Al 2 0 3 powder. 

The Rh-predoped Al 2 0 3 powder and the Pd/Ba-predoped Al 2 0 3 powder were mixed with an appropriate amount 
of water. Thereto were added an appropriate amount of acetic acid and an alumina sol having an alumina solid content 
of 2.5%. The resulting mixture was pulverized in a ball mill for 15 hours to produce a slurry (pH 10). in the slurry was 
dipped a monolithic carrier (a cordierrte honeycomb manufactured by NGK Insulators, Ltd. having a diameter of 93 
so mm and a length of 100 mm) to support, on the carrier, Rh, Pd, Ba and Al 2 0 3 in amounts of Rh = 10 g/ft 3 (3.53X10" 4 
g/cc), Pd = 200 g/ft 3 (7.06x10' 3 g/cc), BaO = 0.04 g/cc and Al 2 0 3 = 0.08 g/cc. The resulting material was subjected to 
a drying step and a firing step to produce catalyst 21 . 

(Catalyst 22) 

55 

An aqueous rhodium nitrate solution and an appropriat amount of acetic acid w r added to commercial y-AI 2 0 3 , 
and th y were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100*C for 15 hours, pulv rized, 
and fired at 550°C for 3 hours to obtain a Rh-predoped Al 2 0 3 powder. The Rh-predoped Al^ powder was mixed with 
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an appropriate amount of water. Ther to were added an appropriate amount of acetic acid and an alumina sol having 
an > alumina solid content of 2.5%. The r suiting mixture was pulverized in a ball mill for 15 hours to produce a slurry 
(PM 4). in the slurry was d.pped a monolithic carrier (a cordierite honeycomb manufactured by NGK Insulators Ltd 
having a diameter of 93 mm and a length of 100 mm) by the upper half in the lengthwise direction, to support ori the 
carrier. Rh and AUO, in required amounts. The resulting material was subjected to a drying step and a firing step to 
produce a carrier coated with Rh-supported AU0 3 . a K 

Separately, an aqueous palladium nitrate solution and an appropriate amount of acetic acid were added to com- 
mercial rAlaOa. and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at KXFC for 15 
hours, pulverized, and fired at 550»C for 3 hours to obtain a Pd-predoped AUft powder. The Pd-predoped AUO, 
powder was impregnated with an aqueous barium nitrate solution and an appropriate amount of acetic acid The re- 
mitting material was pulverized in a ball mill for 1 5 hours. The resulting slurry was dried at 1 00°C for 1 5 hours pulverized 
and fired at 700"C for 3 hours to obtain a PoVBa-predoped AlaOg powder. 

The Pd/Ba-predoped AU0 3 powder was mixed with an appropriate amount of water. Thereto were added an ap- 
propriate amount of acetic acid and an alumina sol having a solid alumina content of 2.5%. The resulting mixture was 

P . e J? «^JL m "' f ° r 15 hOUrS t0 ° btain a slurry (pH 10 >- ln * B slurrv was di PP8d the above-produced carrier 
coated wrth Rh-supported AU0 3 , by the lower half in the lengthwise direction, to support, on the carrier. Rh Pd Ba 
f °3 amounts of Rn = 10 (3 53x1(H g/cc). Pd = 200 gm= (7.06x10-3 g/cc). BaO = 0.04 g/cc and'AUO, = 
0.08 g/cc. The resulting material was subjected to a drying step and a firing step to produce catalyst 22. 

20 (Catalyst 23 ) 

An aqueous palladium nitrate solution and an appropriate amount of acetic acid were added to commercial y-AUO, 
and they were pulverized in a ball mill for 15 hours. The resulting slurry was dried at 100»C for 15 hours, pulverized 
and fired at 550»C for 3 hours to obtain a Pd-predoped Al 2 0 3 powder. The Pd-predoped Al 2 0 3 powder was impregnated 
wrtn ^ aqueous barium nitrate solution and an appropriate amount of acetic acid. The resulting material was pulverized 
in a ball mill for 15 hours. The resulting slurry was dried at 100»C for 15 hours, pulverized, and fired at 700«C for 3 
hours to obtain a Pd/Ba-predoped AU0 3 powder. 

In this manner were obtained two kinds of Pd/Ba-predoped AU0 3 powders different in composition. Each of the 
Pd/Ba-predoped AU0 3 powders was mixed with an appropriate amount of water. Thereto were added an appropriate 
amount of acetic acid and an alumina sol having a solid alumina content of 2.5%. The resulting material was pulverized 

SiSSLH!!? h ° U Z l ° Pr0dUC8 tW ° kindS ° f S ' UrrieS (PH 10) ln one of the slurries *" di PP ed a monolithic carrier 
a cord.errte honeycomb manufactured by NGK Insulators, Ltd. having a diameter of 93 mm and a length of 100 mm) 

- n /' Pd ' 83 md A ' 2 ° 3 in amounts of Pd = 1 20 S^ 3 < 4 " 24x1 °- 3 9/cc). BaO = 0.024 g/cc and AUO a 

L?r2 jSt ^ "k mat ! ria ' ™ S sub ^ ected to a d^ing step and a firing step to obtain a catalyst comprising a 
earner and a first catalyst layer formed thereon. Successively, the catalyst was dipped in the other slurry to support 
on the earner. Pd. Ba and AUO a in total amounts of Pd = 200 g/ft3 (7.06x1 0-3 g/cc). BaO = 0.03 g/cc and AUO, = 0 065 
g/cc. The resulting material was subjected to a drying step and a firing step to produce catalyst 23 
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(Catalyst 24) 

Commercial v-AI 2 0 3 was mixed with an aqueous palladium nitrate solution and an appropriate amount of water 
Thereto were added an appropriate amount of acetic acid and an alumina sol having a solid alumina content of 2 5%' 
The resulting mixture was pulverized in a ball mill for 15 hours to obtain a slurry (pH 4). In the slurry was dipped a 
m °[ (aC0rdierite hon eycomb manufactured by NGK Insulators. Ltd. having a diameter of 93 mm and a 
length of 1 00 mm^ The resulting material was subjected to a drying step and a firing step to produce ay- AI 2 0 3 -supported 
oh!I', « Y " AI 2 0 3- su PP orte d carrier was dipped in an aqueous palladium nitrate solution, dried and fired to produce 
a Pd/AI 2 03-supported carrier. The Pd/AI 2 o 3 -supported carrier was dipped in an aqueous barium nitrate solution to 
support on the carrier. Pd. Ba and AU0 3 in amounts of Pd = 200 g/ft3 (7.06x10-3 g/cc). BaO = 0.04 g/cc and AUO, = 
0.065 g/cc. The resulting material was subjected to a drying step and a firing step to produce catalyst 24. 

(Catalyst 25) 

rH^J^TL 25 W f S „ produced in me same manner as in the case of the catalyst 19 except that the catalyst 4 was 
changed to the catalyst 1. 

(Catalyst 26) 

To commercial y-AI 2 0 3 were added cerium acetate and cerium oxide [an oxygen storage capacity (OSC) improver 



NSOCCID: <EP 0S48963A1J_> 



11 



EP 0 848 983 A1 



in steady-state operation] in an amount of 30% by w ight in terms of oxide. The mixture was wet-pulverized, dried, 
and calcinated at 550°C to obtain an Al 2 0 3 -Ce0 2 compound oxide. This compound oxide was impregnated with an 
aqueous H 2 RCI 5 solution or an aqueous Rh(N0 3 ) 3 solution, dried, and fired at 500°C to obtain a R-supported Al 2 0 3 - 
Ce0 2 compound oxide and a Rh-supported Al 2 0 3 -Ce0 2 compound oxide. To each of these compound oxides were 

s added appropriate amounts of water and acetic acid. One of the resulting mixtures, containing the R-supported Al 2 0 3 - 
Ce0 2 compound oxide was coated on a monolithic carrier (a cordierite honeycomb manufactured by NGK Insulators, 
Ltd. having a diameter of 1 44 mm and a length of 1 00 mm) to allow the carrier to support 0. 1 5 g/cc of the R-supported 
Al 2 0 3 -Ce0 2 compound oxide as a first catalyst layer On the first catalyst layer was coated the other mixture containing 
the Rh-supported Al 2 0 3 -Ce0 2 compound oxide, to allow the first catalyst layerto support 0.05 g/cc of the Rh-supported 

10 Al 2 0 3 -Ce0 2 compound oxide as a second catalyst layer. The resulting material was fired at 500°C to produce catalyst 
26. Incidentally, the total amount of supported noble metals in the catalyst 26 was 40 g/ft 3 (1 .41 x1 0" 3 g/cc) (R/Rh = 5/1 ). 

[Production of adsorbent-catalyst] 

is 0.12 g/cc of p-zeolite (a product of The PQ Corporation) (Si02/AI 2 0 3 molar ratio = 1 50) was supported on a cordier- 

ite honeycomb structure (a product of NGK Insulators, Ltd.) having a diameter of 144 mm, a length of 100 mm, a rib 
thickness of 150 jim and a cell density of 400 cells/in. 2 ). The resulting material was fired at 550°C to form a first layer 
of 0-zeolite on the honeycomb structure. Separately, to commercial t- ai 2 0 3 were added an aqueous palladium nitrate 
solution and an appropriate amount of acetic acid. The mixture was pulverized in a ball mill for 15 hours. The resulting 

20 slurry was dried at 1 00°C for 1 5 hours, pulverized, and fired at 550°C tor 3 hours to obtain a Pd-predoped AI 2 O a powder. 
The Pd-predoped Al 2 0 3 powder was mixed with an appropriate amount of water. Thereto were added an appropriate 
amount of acetic acid and an alumina sol having a solid alumina content of 2.5%. The resulting mixture was pulverized 
in a ball mill for 1 5 hours to produce a slurry. The slurry was coated on the first layerf ormed previously on the honeycomb 
structure, and fired to form a second layer on the first layer, whereby an adsorbent-catalyst was produced. The sup- 

2S ported amounts of the second layer were Pd = 1 50 g/ft 3 (5.30x1 0* 3 g/cc) and AI 2 O s = 0.05 g/cc. 

[Evaluation of light-off performances of catalysts] 

The catalysts 1-25 produced above were evaluated for light-off performance according to the following method. 

30 in the exhaust gas line of an actual engine was set any of the above-produced catalysts so that the exhaust gas 
temperature at the gas inlet became 750° C; and the engine was operated for 60 seconds at an A/F ratio close to the 
stoichiometric ratio (14.4). Then, fuel feeding was cut for 5 seconds to shift the A/F ratio to a lean fuel side. In this 
engine operational mode including the above fuel-cutting, each catalyst was subjected to aging for total 1 00 hours. To 
the catalyst after aging was fed an artificial gas having a composition of Table 1 (A/F=14.4), at a space velocity of 

3$ 40,000 hr 1 ; the gas temperature was increased at a rate of 1 0°C/min from room temperature; the temperature at which 
the conversion of HC component in the gas became 50%, was measured and taken as the light-off temperature of the 
catalyst. The results are shown in Table 2. 



Table 1 



Component 


Concentration 


co 2 


13% 


o 2 


1.3% 


CO 


1.8% 


H 2 


0.6% 


HC 


3,000 ppmC 


NO 


950 ppm 


H 2 0 


10% 


N 2 


Balance 



Table 2 







Light-off temp. 


Remarks 


55 




<°C) 






Catalyst 1 


307 


Pd catalyst (containing no Ba). 




Catalyst 2 


393 


R catalyst (containing no Ba). 
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Table 2 (continued) 





ught-off temp. 
(°C) 


Catalyst 3 


319 


Catalyst 4* 


238 


Catalyst 5 


280 


Catalyst 6 


275 


Catalyst 7 


299 


Catalyst 8 


283 


Catalyst 9 


283 


Catalyst 10 


284 


Catalyst 11* 


270 


Catalyst 12* 


252 


Catalyst 13* 


238 


Catalyst 14* 


239 


Catalyst 1 5* 


246 


Catalyst 16* 


258 


Catalyst 17* 


251 


Catalvst 1ft* 




Catalvst 1 Q* 


Zoo 


Catalyst 20* 


238 


Catalyst 21* 


257 


Catalyst 22* 


241 


Catalyst 23* 


238 


Catalyst 24* 


260 


Catalyst 25 


306 



Remarks 



10 



15 



20 



25 



30 



Rh catalyst (containing no Ba). 

Present catalyst (standard). 

Containing less than 100 g/ft 3 of Pd. 

Containing more man 300 g/ft 3 of Pd. 

Containing less than 0.010 g/cc of BaO. 

Containing more than 0.060 g/cc of BaO. 

Containing BaO of less than 2 times the amount of Pd. 

Containing BaO of more than 10 times the amount of Pd. 

The slurry used had a pH of less than 10. 

Containing Ba in the form of BaO particles. 

Ce0 2 was added. 

Ce0 2 and Zr0 2 were added. 

Pd and Ba were supported by co-impregnation (simultaneous supporting). 

Ba was supported first and then Pd was supported. 

Pd was supported by predoping and Ba was supported by impregnation. 

Barium hydroxide was used for supporting of Ba. 

The surface layer contained Rh and the inner layer contained Pd/Ba. 

The surface layer contained Pd/Ba and the inner layer contained Rh. 

The catalyst layer contained Pd, Ba and Rh in a mixed state. 

The Pd/Ba-containing layer and the Rh-containing layer were supported 

apart on the carrier. 

Two Pd/Ba-containing layers different in composition were supported on 

the carrier in laminated layers. 

Both Pd and Ba were supported by impregnation. 

The surface layer contained Rh and the inner layer contained Pd (but no 

Ba). 



35 



40 



(The catalysts with a * mark are the catalysts of the present invention.) — 

[Constitution of exhaust gas purification systems] 

™ f T 9 ^, 6 °^ talyS !f and adsorbent ^talyst produced above, exhaust gas purification systems shown below were 
constituted. Incidentally, each numeral shown in Figs. 1 to 7 was shown in the following description of each system by 
adding parenthesis to the numeral to avoid confusion between the symbols indicating the kinds of catalysts and ad- 
sorbent-catalyst and the numerals used in Figs. 1 to 7. 

(System A) 



45 



so 



55 



R„Jio ,k 9 ",o; tf1e J cata| y st 19 < 8 > *» P ravided in *e exhaust pipe of an engine (2) at an upstream site. 

Between the engine (2) and the catalyst 19 (8) was provided an O a sensor (4) for A/F ratio control. The distance 
between the engine manifold outlet and the catalyst 1 9 (8) was 600 mm. At a position 1 ,200 mm distant from the engine 
manifold outlet was provided the catalyst 26 (14). 

(System B) 

~, ri 8 ^ F ' 9 ' 2> SyStSm B WB8 consti,uted in same manner as in the case of System A except that the 
catalyst 1 9 (8) was changed to the catalyst 25 ( 1 0). 

(System C) 

As shown in Fig. 3, the catalyst 19 (8) was provid d in th exhaust pipe of an engin (2) at an upstr am site 
Between the engm (2) and the catalyst 1 9 (8) w re provided an Q 2 s nsor (4) for A/F ratio control at an upstream site 
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and a hole (6) for s condary air introduction for promotion of activation at a downstream site. The distance betw en 
the engine manifold outlet and the catalyst 1 9 (8) was 600 mm. At a position 1 ,200 mm distant from the engine manrfold 
outlet was provided the catalyst 26 (14). 

5 (System D) 

As shown in Fig. 4, System D was constituted in the same manner as in the case of System C except that the 
catalyst 19 (8) was changed to the catalyst 25 (10). 

10 (System E) 

As shown in Fig. 5, in the exhaust pipe of an engine (2) were provided the adsorbent^atalyst (1 2) at an upstream 
site and the catalyst 1 9 (8) at a downstream site. Between the engine (2) and the adsorbent^atalyst (12) were prov.ded 
an Oo sensor (4) for A/F ratio control at an upstream site and a hole (6) for secondary air introduction for Potion of 
is activation at a downstream site. The distance between the engine manifold outlet and the adsorbent-catalys (1 2 was 
600 mm, and the distance between the adsorbent-catalyst (12) and the catalyst 1 9 (8) was 30 mm. At a pos.t.on 1 ,200 
mm distant from the engine manifold outlet was provided the catalyst 26 (14). 



20 



25 



30 
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(System F) 

As shown in Fig. 6, in the exhaust pipe of an engine (2) were provided the catalyst 1 9 (8) at an upstream site and 
the catalyst 25 (10) at a downstream site. Between the engine (2) and the catalyst 19 (8) were provided an sensor 
(4) for A/F ratio control at an upstream site and a hole (6) for secondary air introduction for promotion of activation at 
a downstream site. The distance between the engine manifold outlet and the catalyst 19 (8) was 600 mm and the 
distance between the catalyst 19 (8) and the catalyst 25 (10) was 30 mm. At a position 1,200 mm distant from the 
engine manifold outlet was provided the catalyst 26 (14). 

(System G) 

As shown in Fig. 7, in the exhaust pipe of an engine (2) ) were provided the catalyst 1 9 (8), the adsorbent-catalyst. 
(12) and the catalyst 19 (8) in this order from the upstream side. Between the engine (2) and the catalyst 19 (8) were 
provided an 0 2 sensor (4) for A/F ratio control at an upstream site and a hole (6) for secondary air .ntroduction for 
promotion of activation at a downstream site. The distance between the engine manifold outlet and the catalyst 1 9 (8) 
was 600 mm, and the distance between the catalyst 19 (8) and the adsorbent-catalyst (12) was 30 mm. At a posrt.on 
1 ,200 mm distant from the engine manifold outlet was provided the catalyst 26 (14). 



[Evaluation of performances of exhaust gas purification systems] 



Each of the above-prepared Systems A to G was fitted to a test vehicle having a six-cylinder engine of 4,000 cc 
displacement mounted thereon. A FTP (LA-4 mode) was conducted. In Systems C to G, in order to obtain an oxygen- 
excessive exhaust gas, secondary air was introduced from the hole for secondary air introduction, using an air pump, 
at a rate of 100 €/min for 90 seconds from the engine cranking. The exhaust gas discharged from the engine was 
collected by the CVS method and measured for emission values. The results are shown in Table 3. As shown in Table 
3, the systems using the present catalyst, as compared with other systems, could give remarkably iow emission values. 

Table 3 



System A* 
System B 
System C* 
System D 
System E* 
System F* 
System G 



HC emission (g/mile) 



0.113 
0.163 
0.099 
0.129 
0.071 
0.093 
0.060 



NOx emission (g/mile) 



0.32 
0.41 
0.38 
0.56 
0.36 
0.36 
0.35 



(The systems with * mark are systems using a catalyst of the present invention.) 



Secondary air introduction 



No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 
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As described abov , the catalyst for exhaust gas purification according to th present inv ntion is sup rior in tow- 
temperature light-off performance and can effectively purify the harmful substances present in the exhaust gas dis- 
charged from an internal combustion engine of automobile or the like; in particular, the HC discharged in a large amount 
during the cold start of automobile engine. Further, the system for exhaust gas purification according to the present 
invention, which comprises the above catalyst superior in low-temperature light-off performance and an adsorbent 
having HC adsorbability, can even more effectively purify the HC discharged during the cold start. 

Claims 



1 . A catalyst for exhaust gas purification capable of purifying the hydrocarbons, nitrogen oxides and carbon monoxide 
present in the exhaust gas discharged from an internal combustion engine, which catalyst comprises a monolithic 
carrier and a catalyst layer containing Pd, Ba and a heat-resistant inorganic oxide, formed on the carrier, wherein 
the amount of Pd supported on monolithic carrier is 100-300 g per ft 3 of monolithic carrier (3.53x1 0' 3 to 1.06x10' 2 
g per cc of monolithic carrier), the amount of Ba supported on monolithic carrier is 0.010-0.060 g per cc of monolithic 
carrier in terms of BaO, and the weight ratio of Pd and Ba as expressed as BaO is 1 :2 to 1 :1 0. 

2. A catalyst for exhaust gas purification according to Claim 1 , wherein the heat-resistant inorganic oxide is active 
alumina. 

3. A catalyst for exhaust gas purification according to Claim 1 , wherein the Pd and Ba in the catalyst layer are sup- 
ported on the heat-resistant inorganic oxide. 

4. A catalyst for exhaust gas purification according to Claim 3, wherein at least part of the Pd is supported on the 
heat-resistant inorganic oxide in direct contact therewith. 

5. A catalyst for exhaust gas purification according to Claim 4, wherein part of the Pd is supported on the heat- 
resistant inorganic oxide in direct contact therewith, the rest of the Pd is supported on the Ba supported on the 
heat-resistant inorganic oxide, and the amount of the Pd supported on the heat-resistant inorganic oxide in direct 
contact therewith is larger than the amount of the Pd supported on the Ba supported on the heat-resistant inorganic . 
oxide. 

6. A catalyst for exhaust gas purification according to Claim 3, wherein the total amount of Pd is supported on the 
heat-resistant inorganic oxide in direct contact therewith. 

7. A catalyst for exhaust gas purification according to Claim 1 , wherein the catalyst layer on the monolithic carrier is 
formed by coating, on the monolithic carrier, a slurry of pH 10 or more containing the components of the catalyst 
layer. 

8. A catalyst for exhaust gas purification according to Claim 1 , wherein the catalyst layer further contains a noble 
metal other than Pd. 

9. A catalyst for exhaust gas purification according to Claim 8, wherein the noble metal other than Pd is Rh. 

45 10. A catalyst for exhaust gas purification according to Claim 8, wherein the catalyst layer is divided into a Pd- and 
Ba-containing layer and a layer containing a noble metal other than Pd (and containing no Ba) and the two layers 
are formed apart on one same monolithic carrier by coating. 

11. A catalyst for exhaust gas purification according to Claim 10, wherein the Pd- and Ba-containing layer and the 
layer containing a noble metal other than Pd (and containing no Ba) are formed in two laminated layers on one 
same monolithic carrier. 

1 2. A catalyst for exhaust gas purification according to Claim 1 1 , wherein the layer containing a noble metal other than 
Pd (and containing no Ba) is laminated on th Pd- and Ba-containing layer. 

1 3. A catalyst for xhaust gas purification according to Claim 1 , which is useful for purification of the harmful substanc s 
present in the exhaust gas discharg d from an internal combustion engine during th cold start. 
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14. A catalyst for exhaust gas purification according to Claim 1 , wherein the catalyst layer further contains C 0%. 

15. A catalyst for exhaust gas purification according to Claim 1 , wherein the catalyst layer is produced by supporting 
Pd on a heat-resistant inorganic oxide and then supporting Ba on the Pd-supported heat-resistant inorganic oxide. 

5 

16. A system for exhaust gas purification comprising: 

a catalyst for exhaust gas purification comprising a monolithic carrier and a catalyst layer containing Pd, Ba 
and a heat-resistant inorganic oxide, formed on the carrier, wherein the amount of Pd supported on monolithic 
10 carrier is 100-300 g per ft 3 of monolithic carrier (3.53x10* 3 to 1.06x10" 2 g per cc of monolithic carrier), the 

amount of Ba supported on monolithic carrier is 0.010-0.060 g per cc of monolithic carrier in terms of BaO, 
and the weight ratio of Pd and Ba as expressed as BaO is 1 :2 to 1 : 1 0, provided in the exhaust pipe of internal 
combustion engine, and 

an adsorbent having hydrocarbon adsorbability, also provided in the exhaust pipe. 

15 

17. A system for exhaust gas purification according to Claim 16, further comprising a different catalyst provided in the 
exhaust pipe. 

1 8. A system for exhaust gas purification according to Claim 1 7, wherein the different catalyst contains Pd as a catalyst 
20 active component. 
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